To confirm the utility of the bromodeoxyuridine (BrdU) labeling method in the study of cell proliferation in mouse uterine tissues, changes in the labeling index in the luminal and glandular epithelia, the periluminal, periglandular and deep stromal regions and the myometrium were surveyed in normal adult mice during the estrous cycle and early pregnancy, in prepubertal mice and in ovariectomized adult and young animals treated with estrogen and/or progesterone. All results obtained were consistent with those obtained in previous histometric and autoradiographic studies and proved the effectiveness of the BrdU labeling method in the study of the uterus as well as many other organs. A marked rise in the labeling index was found in the luminal epithelium at metestrus, as well as on the proestrous morning, indicating the occurrence of extensive cell proliferation in the absence of estrogen stimulation. The change in the labeling index in adult mice was much more evident in the luminal epithelium than in the glandular epithelium in all conditions examined. On the other hand, the change in the stroma was more eminent in the periglandular region than in the periluminal and deep regions in most conditions. In immature mice, a great increase in labeling incidence occurred not only in luminal epithelium but also in muscle layers along with the process of puberty and at the time of estrogen stimulation. A moderate increase in the incidence also occurred in all other areas of the uterus including the perimetrium. Again, the increase was more prominent in the periglandular area than in other stromal regions.
Immunocytochemical detection of bromodeoxyuridine (BrdU) with a monoclonal antiBrdU antibody, as a substitute for the autoradiographic method employing 3H-thymidine, is a very powerful tool for the study of cell proliferation in mouse uterine tissues in various reproductive states including hormonal stimulation after ovariectomy (Hanazono et al., 1990) as in many other normal and neoplastic tissues (Gratzner, 1982; Dolbeare et al., 1983; Morstyn et al., 1983; Nagashima and Hoshino, 1985) . The technique can be applied equally and effectively to any frozen (Morstyn et al., 1983) and paraffin (Schutte et al., 1987) , waxand resin- (Hanazono et al., 1990) embedded tissue sections and has been proved very effective in reducing the time and labor needed for quantitative assessment of the extent of DNA replication occurring in the tissue. Changes in the structure and function of uterine tissue in non-pregnant animals are almost conclusively controlled by the ovarian hormones estrogen and progesterone, and then the tissue has been widely used as a good model for the investigation of the mechanism of hormonal regulation of cell proliferation and/or differentiation. It has been clarified in mice (Martin and Finn, 1968; Martin et al., 1973b) and rats (Tachi et al., 1972) that estrogen causes an intensive cell proliferation in the luminal and glandular epithelia of uterine endometrium, while progesterone shifts the estrogen induced mitotic activity from epithelial cells to stromal cells. In the present study , to confirm the availability of the BrdU labeling method further and to get the basis for the future works on the mechanism of hormonal regulation of cell proliferation and differentiation in mouse uterine tissue , labeling patterns of cells in various tissue elements of the uterus were studied in adult female mice throughout the estrous cycle and early days post coitum, in young mice during the period before and immediately after puberty and in adult and young animals treated with estrogen and/or progesterone after ovariectomy. Results for cycling and early pregnant mice are shown in Fig. 1 . On the evening of PC3, measurements were performed separately in ova-implanted and non-implanted sites of the uterus. However, no difference between results for the two sites was found and the data were then combined.
A conspicuous rise in LI was observed in LE at ME and PCl as well as on the morning of PE. Pappenheim's staining on adjacent sections showed the occurrence of extensive degeneration of LE cells at either ME or PC 1. No BrdU labeling was found in leukocytes assembled beneath the LE layer. Although a rise in LI at PE, ME and PC 1 was also found in GE, the time of the peak differed slightly from that in LE and the extent of the rise was much less. In the periepithelial stroma, high values for LI were obtained in PLS at DE2 and in PGS at ME2 (Fig. 2) . A prominent increase in LI was also observed on PC2 in either region of stroma, but the change was more distinct in PGS than in PLS. LI was very low in muscle layers of adult uterus, though it began to increase abruptly after the morning of PC3. Treatment  in Adult  Ovariectomized  Mice No labeled cells were found in any region of the uterus of OVX mice before the hormone treatment and those injected with oil alone. Treatment with E2 caused an extensive incorporation of BrdU into cells of LE (Fig. 3) Arrows indicate the time of hormone injection. No labeled cells were found in any region of the uterus in mice before the hormone treatment and in oil injected controls. See the legend to Fig. 1 (Fig. 4) . Although a marked increase in LI in LE and Mm was observed at 40 days, the mouse at this age was found to be at vaginal PE on autopsy.
Effect of Estrogen and/or Progesterone
E2 injection into the immature OVX mice caused a marked increase in the labeling incidence not only in LE but also in Mm, though the change in Mm appeared only after the second injection of the hormone. A moderate increase starting 12hrs after the first injection was also observed in GE, PLS and PGS. In addition to the marked increase in LI in the endo-and myometria, the number of labeled cells in perimetrium increased considerably at PE and after E2 treatment in young mice, while only a few labeled cells per section were found in adult animals even at the maximum. Rate  among  Different  Regions  of  Stroma Because a difference between the patterns of change in LI was observed in PLS and PGS in some stages of the estrous cycle, LIs in DS were measured in immature and adult mice under several conditions to compare them with the results for PLS and PGS in the same animals (Table 1 ). In young mice either at PE or treated with E2, LIs in 3 different regions of the stroma did not differ markedly from each other, though a little higher value was obtained in PGS in the hormone treated animals. On the other hand, significant differences were found among PLS, PGS and DS in all adult mice examined. Although the order of magnitude of LIs was not constant among the three regions, the highest and the lowest values were obtained the most frequently in PGS and DS, respectively. As for PLS, a high LI value at DE2 was conspicuous. Autoradiographic demonstration of tritiated thymidine incorporation has been widely used as an important tool for the study of cell cycles in uterine tissues under hormonal stimulation since the early 1960's (e.g., Walker, 1960 : Perrotta, 1962 : Epifanova, 1966 : Galand et al., 1967 . Because the present study was aimed at following the previous findings on cell proliferation patterns in mouse uterine tissues under various conditions by using the BrdU labeling method as widely as possible, only one animal was used to survey the labeling incidences in each set of experimental conditions and therefore the results obtained were still insufficient for quantitative evaluation. From the qualitative aspect, however, the present results confirmed most of the previous findings obtained by autoradiographic studies on the hormonal regulation of uterine growth: the effect of E2 in increasing the DNA replication in epithelial cells (Epifanova, 1966 : Galand et al., 1971 : Martin et al., 1973a and that of P in suppressing the effect of E2 on the epithelia and promoting nucleic acid synthesis in stromal cells (Das, 1972 : Martin et al., 1973b . The enhancement of DNA synthesis in all tissue components of the uterus by E2 in immature animals was the same as that reported in immature mice and rats (Kaye et al., 1972 : Mukku et al., 1982 : Quarmby and Korach, 1984 , though Quarmby and Korach (1984) failed to induce myometrial hyperplasia by means of E2 treatment in mice. On the changes during the estrous cycle and immediately post coitum, the present results are also consistent with the results of previous autoradiographic and histological studies in small rodents (Allen 1922 : Eckstein and Zuckerman, 1956 : Walker, 1960 : Bertalanffy and Lau, 1963 . Following the technological checks in the previous study (Hanazono et al., 1990) , the results of the present work prove the utility of the BrdU labeling method as a substitute for autoradiography in the study of uterine cell proliferation under a wide variety of conditions.
Comparison of BrdU Incorporation
A remarkable rise in LI in LE starting from ME 1 and sustained until ME2 was observed. This rise corresponds to the extensive regeneration of LE cells known to occur at ME to repair the tissue layer destroyed during E and ME stages in mice and rats (Allen, 1922: Bertalanffy and Lau, 1963) . The circulating level of estrogen which has fallen sharply on the afternoon of PE is still kept very low at least until ME 1 (Campbell et al., 1977 : Nelson et al., 1981 and, therefore, the enhancement of DNA replication beginning at ME 1 cannot be attributed to the stimulating effect of estrogen. Differing from the cell proliferation at PE, that at ME may be regulated by an estrogen-independent mechanism(s) and cell degeneration starting in the preceding stage may play an important part in triggering the process. Though controversy still remains concerning the mode of cell degeneration (Fuxe and Nilsson, 1963) , the uterine epithelium of mice at ME may provide a good model for the study of the relation between degeneration of cells in a tissue and their regeneration. Wischik and Rogers (1982) demonstrated in OVX rats that stromal cells of the uterine endometrium formed an interconnected, network and cells at the surfaces of the net adjoining the luminal and glandular epithelia and capillary endothelium differed morphologically from cells within the network and also from each other: cells r immediately below the luminal epithelium had processes preferentially oriented towards it, but those below the glandular epithelium did not. Differences in the rate of cell proliferation and in the change of cell functions occurring in response to the hormonal stimulation or to stimuli relating to the ova-implantation between the stromal cells in periluminal region and those distant from the lumen have been reported by many workers (Finn and Martin, 1967 : Galassi, 1968 : Tachi et al., 1972 : Martin et al., 1973b : Rogers and Wischik, 1983 . No attempt, however, has been made to compare the respone to the hormonal stimuli in stromal cells just beneath the luminal and glandular epithelia. The present results imply that there exists quite big a difference between the proliferation pattern of cells not only of PLS and DS but also of PLS and PGS and of PGS and DS according to the condition of the animals and (also that cells in PGS respond to hormonal and/or other stimuli more extensively than those in PLS in some situations. Epithelial and stromal cells may play a role in the regulation of proliferation and differentiation of them from each other. The present results should offer some clues that will assist future studies on this subject.
Stromal cells of the immature mice which were ovariectomized at 20 days old and spent 20 days after the operation could respond quite well to estrogen stimulation in the present study. Quarmby and Korach (1984) , on the other hand, reported that uterine stromal cells lost their responsivenes to estrogen almost entirely by 20 days after OVX in immature mice operated at 15 days of age. The existence of ovaries during the period between 15 and 20 days after birth seems to be important for the development and subsequent preservation of hormonal responsiveness of stromal cells. Ovaryderived endocrine factor(s) may have an effect on the stromal cells directly or indirectly by affecting the function of other endocrine organs such as the adrenal glands.
